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Background:  The  responses  of  heart  rate  (HR)  and  blood  pressure  to the  ramp  exercise  test  are  not  known
and the  current  understanding  of peak  oxygen  uptake  and anaerobic  threshold  (AT)  values  in  the  normal
Japanese  population  is  insufﬁcient.
Methods  and  results:  A  total  of 749  healthy  Japanese  subjects  aged  20–78  years  underwent  a  cardiopul-
monary  exercise  test  using  a cycle  ergometer  or  treadmill  ergometer  with  ramp  protocols.  HR,  systolic
blood pressure  (SBP),  and  oxygen  uptake  (V˙O2 )  at  rest,  at AT,  and  at peak  exercise  were  determined.  HR
and  SBP  at  peak  exercise  in  a cycle  ergometer  and  treadmill  ergometer  test  decreased  with  age. Work  rate
at peak  exercise  in  a  cycle  ergometer  increased  with  body  weight  and  decreased  with  age. V˙O2 /weight  ateart rate response
lood pressure response
AT  and  at  peak  exercise  were  higher  in treadmill  ergometer  testing  than  in  cycle  ergometer  testing,  and
were not  affected  by exercise  protocol.  Both  of these  decreased  with  age.
Conclusions:  The  normal  responses  of HR  and  SBP to ramp  exercise  testing  are  reported  for  the  ﬁrst  time.
AT, peak V˙O2 ,  and V˙O2 at each  stage  are  shown  for  a healthy  population.  Some  of these  parameters  were
inﬂuenced  by weight,  gender,  and  age,  as  well  as  mode  of  exercise  and  the  protocol  used.  These  results
provide  useful  reference  values  for interpreting  the results  of cardiopulmonary  exercise  testing.
2  Jap©  201
ntroduction
Cardiopulmonary exercise testing (CPX) is frequently used as a
easure for not only evaluating functional capacity and assessing
he prognosis in cardiac patients but also determining exercise
ntensity for training in cardiac rehabilitation and for lifestyle-
elated disease management. There are very few reports on the
ormal values of peak oxygen uptake (peak V˙O2) and anaerobic
hreshold (AT) in the Japanese population [1–3].
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-16-1 Asahi-cho, Fuchu-shi, Tokyo 163-0804, Japan. Tel.: +81 33344 3313.
E-mail address: itoh@cepp.ne.jp (H. Itoh).
914-5087/$ – see front matter © 2012 Japanese College of Cardiology. Published by Else
ttp://dx.doi.org/10.1016/j.jjcc.2012.09.010anese  College  of  Cardiology.  Published  by  Elsevier  Ltd.  All rights  reserved.
The ﬁrst multicenter investigation of the normal values of CPX
in a healthy Japanese population was published in 1992 [2] and
described only peak V˙O2 and AT. Moreover, there was no infor-
mation on heart rate (HR) and blood pressure responses to the
exercise with ramp protocols that are commonly used in CPX.
Another complicating factor in that study was that the young
study subjects were relatively inactive and elder subjects rela-
tively active [2,3]. Therefore, the investigation failed to show a
signiﬁcant relationship between exercise capacity and age. In this
study, we aimed to clarify the normal responses of HR and blood
pressure to ramped exercise and to establish standard values of
peak V˙O2 and AT in the normal Japanese population. Further-
more, we  assessed inﬂuential factors on each individual’s exercise
parameters.
vier Ltd. All rights reserved.
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ethods
tudy design
This investigation was conducted as a prospective, multicenter
tudy in 9 institutions (Sakakibara Heart Institute Clinic, Sakakibara
eart Institute Hospital, Tsukuba University, St. Marianna Uni-
ersity, Saitama University International Medical Center, Gunma
refecture Cardiovascular Center, the Cardiovascular Institute, Nip-
on Medical School, and Saitama Shimin Medical Center). All
nstitutes have breath-by-breath gas analyzer(s) and well-trained
octors and medical technicians who perform CPX regularly on a
linical basis. After written informed consent was obtained from
ealthy Japanese volunteers, CPX was conducted under a random-
zed exercise protocol.
ubjects
Healthy Japanese subjects aged 20–78 years were enrolled by
tratiﬁed randomization based on age group and gender. The ran-
omized allocation of the subjects was conducted by the data center
f the nonproﬁt organization, the Japan Heart Club. At least 10 sub-
ects were enrolled for each decade of age and gender; however, the
igher-incline ramp protocols were excluded for the elder and/or
emale subjects, depending on their exercise capacity and antic-
pated exercise time. To be included, subjects must (1) have had
o experience of cardiac or pulmonary disease with no symptoms,
2) measure 145–190 cm in height, and (3) have a body mass index
BMI) of 17.6–28.6 (−20% and 30% of BMI  22). Excluded were those
ho (1) had smoked within the past year, (2) regularly exercised
ore than twice a week, (3) showed abnormal blood pressure at
est, and (4) had an abnormal resting electrocardiogram (ECG).xercise testing equipment
The breath-by-breath gas analyzers used in this study were
he CPEX-1 System manufactured by Inter Reha Co. Ltd. (Tokyo,
ig. 1. Ramp protocols of the cycle ergometer (A) and treadmill ergometer (B,C,D) employe
f V˙O2 of 2 ml/min, 3 ml/min, and 4 ml/min in young males, respectively, by increasing grology 61 (2013) 71–78
Japan) and the AE-300S by Minato Medical Science Co. Ltd. (Osaka,
Japan). All analyzers were carefully calibrated before the start of
this project.
Cycle ergometers used in this study were the SB-8, a
servomotor-controlled model by Mitsubishi Electric Engineering
Co. Ltd. (Nagoya, Japan) and the Corival 400, an electromagnetically
braked cycle ergometer (Lode BV; Groningen, The Netherlands).
Treadmill ergometers used in the study were the MAT-2700 and
MAT-2200 by Fukuda Denshi Co. Ltd. (Tokyo Japan).
Stress systems used were the ML-4500, ML-6500, and ML-9000
by Fukuda Denshi Co. Ltd. Each of these models can monitor 12-
lead ECGs simultaneously while also controlling a cycle ergometer,
treadmill ergometer, and automatic-cuff blood pressure manome-
ter (FB-300, Fukuda Denshi Co. Ltd., STBP-780 by Nippon Colin Co.
Ltd., Komaki, Japan, or Tango by SunTech Medical, Inc., Morrisville,
NC, USA).
Exercise protocols
After checking the data acceptability of the ECG, blood pressure,
and expired gas analysis parameters at rest, the test was  started
with 4 min  of rest either sitting on the cycle ergometer or stand-
ing on the treadmill. A symptom-limited exercise test was  then
conducted.
Ramp protocols for the cycle ergometer were 10 W/min,
20 W/min, and 30 W/min  ramping (Fig. 1A). Ramp protocols for
the treadmill ergometer were TR-2, TR-3, and TR-4. These were
designed to obtain linear increases in V˙O2 of 2 ml/min, 3 ml/min, and
4 ml/min in young males, respectively, through increases in grade
and speed (Fig. 1B–D). These protocols were designed using the
equation: V˙O2 (ml/min/kg) = 0.15S
2 + 0.14SG + 0.45S + 0.40G + 4.23,
where S is speed (km/h) and G is grade (%) [4].Heart rate, blood pressure, and expired gas parameters
During testing, HR was  continuously monitored and systolic
blood pressure (SBP) measured each minute. V˙O2 , carbon dioxide
d in this study. Treadmill ramp protocols were designed to achieve a linear increase
ade and speed [4]. V˙O2 , oxygen uptake.
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Table 1
Age and body size of subjects. BMI, body mass index.
Male (n = 387) Female (n = 362) Total (n = 749)
Age (year) 20–78 20–76 20–78
45.2 ± 16.3 46.2 ± 16.0 45.7 ± 16.2
Weight (kg) 49.5–87.1 40.0–71.3 40–87.1
66.2 ± 7.0 51.5 ± 5.5 59.1 ± 9.7
Height (cm) 150–186.3 140.6–171.0 140.6–186.3
169.9 ± 6.2 156.6 ± 5.5 163.5 ± 8.9
T
NH. Itoh et al. / Journal of
utput (V˙CO2 ), minute ventilation (V˙E), fraction of end-tidal O2
FETO2), and fraction of end-tidal CO2 (FETCO2) were measured
n a breath-by-breath basis. Derived parameters such as V˙E/V˙O2 ,
˙ E/V˙CO2 , and gas exchange ratio (R; V˙CO2/V˙O2) were also monitored
imultaneously. The breath-by-breath expired gas data were con-
erted into time-series data every 3 s. Both of the data sets obtained
y the RM-300S and CPEX-1 were calculated using the gas analysis
oftware of the CPEX-1, in which the variable moving average
1–20) can be performed without any other manipulations. The
ight-point moving average of data was applied to the calculation
or HR and the expiration gas parameters.
The AT point was primarily determined using the V-slope
ethod [5] in addition to the following conventional criteria [6,7]:
1) V˙E/V˙O2 increases after registering as ﬂat or decreasing, whereas
˙ E/V˙CO2 remains constant or decreases, and (2) R versus exer-
ise time, which was ﬂat or slowly increasing, begins to increase
ore sharply. Or, (3) FETO2 increases after registering as ﬂat or
ecreasing, whereas FETCO2 remains constant or decreases. AT was
xpressed in V˙O2 , and usually divided by body weight (ml/min/kg).
The respiratory compensation point (RC) was determined by the
ollowing criteria. (1) V˙E/V˙CO2 increasing after registering as ﬂat or
ecreasing, and (2) FETCO2 decreasing after registering as ﬂat or
ncreasing above the AT point.
Peak V˙O2 was deﬁned as the average value obtained during the
ast 30 s of incremental exercise. When R was less than 1.0 at peak
xercise, the test was considered incomplete because of the sub-
ect’s poor effort and the data at peak exercise were not used in the
tatistics.
tatistical analysis
Statistical analysis was performed with JAMP version 8 (SAS
nstitute Inc., Cary, NC, USA). Values are presented as mean
nd standard deviation (mean ± SD) unless stated otherwise. The
mpact of factors (age, gender, body size, cycle or treadmill ergome-
er, exercise protocol) on the individual’s exercise parameters were
ssessed through multiple linear regression analysis. Simple linear
egression analysis was used to determine the effect of age by
ender on the measured parameters, and the regression line and
ts 95% conﬁdence interval for population mean and individual
alues were presented. The p-value was calculated from the F-test
nd a p-value of <0.05 was considered statistically signiﬁcant.
esultsThe 387 healthy males and 362 healthy females ranging in age
rom 20 to 78 fulﬁlled the selection criteria. A summary of the sub-
ect demographics is shown in Table 1. The number of subjects
able 2
umber of subjects in each protocol.
Cycle ergometer Protocol 20–29 years 0–39 years 40–49 yea
M F M F M F
Male = 285 10 W/min  25 25 20 25 22 2
Female = 260 20 W/min  37 37 26 11 17 1
Total  = 545 30 W/min  9 3 1 1 0 
Treadmill ergometer Protocol 20–29 years 30–39 years 40–49 y
M F M F M 
Male = 102 TR-2 0 1 0 2 0 
Female = 102 TR-3 7 14 14 11 13 
Total  = 204 TR-4 11 4 12 1 4 BMI  (kg/m2) 18.0–28.4 17.6–26.8 17.6–28.4
22.9 ± 2.0 21.0 ± 2.0 22.0 ± 2.2
in each age group, by gender and protocol, is summarized in
Table 2.
The data recorded at the peak exercise were disposed of for 36
subjects because of poor effort (i.e. peak R was  less than 1.0) or the
leakage of expired gas at peak exercise. The RC was determined for
206 of 285 males and 181 of 260 females in the cycle ergometer
test, and 79 of 102 males and 61 of 102 females in the treadmill
ergometer test. AT was  determined for all subjects.
Effects of age, gender, and protocol
First, the effects of age, gender, and ramp slope for each protocol
were assessed for each ergometer. After reviewing the exploratory
plots and results of the multiple liner regression, we reached the
conclusion that the effects of exercise protocol on parameters have
little impact, except in work rate (WR) and exercise time in the
treadmill ergometer test. The results were consistent with those of
previous reports [8,9].
Next, the effects of age, gender, and the interaction between
gender and age (a difference of slope against age between males
and females) were assessed through multiple liner regression. The
p-value from the F-test and the estimated coefﬁcients for each effect
are summarized in Tables 3 and 4.
HR, SBP, and exercise intensity in cycle ergometer testing
HR at rest (HRrest) on the cycle ergometer was 77.6 ± 12.2 bpm
(n = 71) in males and 75.5 ± 9.8 bpm (n = 64) in females in
their 20 s. HR at AT (HRAT) in subjects in their 20s was
116.1 ± 12.6 bpm in males (n = 71) and 120.3 ± 12.9 bpm (n = 64) in
females. Peak HR (HRpeak) was  170.1 ± 17.7 bpm (n = 64) in males
and 171.3 ± 13.1 bpm (n = 62) in females in their 20s. These HR
decreased with age but there was no difference between males and
females (Table 3).SBP at rest (SBPrest) on the cycle ergometer was
119.7 ± 11.5 mmHg  (n = 57) in males and 112.1 ± 11.6 mmHg
(n = 44) in females in their 20s. SBP at AT (SBPAT) was
150.1 ± 18.3 mmHg  (n = 58) in males and 131.6 ± 13.7 mmHg
rs 50–59 years 60–69 years 70–78 years Total
 M F M F M F M F
4 45 38 36 43 19 16 167 171
9 15 10 11 7 1 0 107 84
1 1 0 0 0 0 0 11 5
ears 50–59 years 60–69 years 70–78 years Total
F M F M F M F M F
2 1 1 1 10 2 1 4 17
16 14 16 16 15 6 6 70 78
0 1 2 0 0 0 0 28 7
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Table 3
Results of multiple linear regression for exercise parameters in cycle ergometer testing.
Estimate  p-value  Estimate  p-value  Estimate  p-value  Estimate  p-value  Estimate  p-value
HR  (bpm)  Rest  Warming-up  AT  RC  Peak
Intercept  80.8  89.7  124.8  177.8  191.7
Age  −0.129  <0.001  −0.0746  0.039  −0.345  <0.001  −0.699  <0.001  −0.743  <0.001
Gender  (Female)  −2.42  0.383  4.19  0.161  4.35  0.191  1.90  0.694  −3.88  0.355
Gender  ×Age  0.0474 0.406 0.0226 0.712  0.00271 0.968  0.000903 0.993  0.0669  0.436
SBP  (mmHg)  Rest  Warming-up  AT  RC  Peak
Intercept  110.2  117.7  138.7  171.0  176.0
Age 0.321 <0.001  0.454  <0.001  0.356  <0.001  0.411  <0.001  0.583  <0.001
Gender  (Female)  −11.2  0.016  −21.3  <0.001  −34.0  <0.001  −33.7  <0.001  −34.6  <0.001
Gender  ×  Age  0.127  0.172  0.395  <0.001  0.586  <0.001  0.435  0.004  0.310  0.022
WR/wt  (W)  AT  RC  Peak
Intercept  1.63  3.03  3.55
Age −0.00764  <0.001  −0.0161  <0.001  −0.0200  <0.001
Gender  (Female)  −0.0867  0.191  −0.109  0.329  −0.281  0.006
Gender  ×  Age  0.00202  0.139  0.000753  0.748  0.00327  0.120
Protocol  (10  W/min) −0.187 <0.001  −0.376  <0.001  −0.465  <0.001
R Rest  Warming-up  AT  RC  Peak
Intercept  0.81  0.82  0.91  1.09  1.20
Age  0.00114  <0.001  0.00108  <0.001  0.000301  0.156  −0.000346  <0.001  −0.000908  <0.001
Gender  (Female) 0.0271  0.092  0.0108  0.526  0.00953  0.502  0.0495  0.021  0.0338  0.163
Gender  ×  Age  −0.000505  0.128  −0.000303  0.389  −0.000188  0.520  −0.000911  0.044  −0.000592  0.234
V˙O2 /wt (ml/min/kg) Rest Warming−up AT  RC  Peak
Intercept  4.41  8.84  21.41  35.79  42.05
Age  −0.00936  <0.001  0.00403  0.296  −0.0994  <0.001  −0.210  <0.001  −0.268  <0.001
Gender  (Female) −0.132  0.381  0.984  0.009  −2.17  0.005  −3.58  0.005  −7.22  <0.001
Gender  ×  Age  0.00242  0.437  0.0000242  0.998  0.0312  0.048  0.0283  0.294  0.0811  0.001
AT/Peak
Intercept  0.490
Age  0.00178  <0.001
Gender  (Female) 0.0438 0.034
Gender  ×  Age  0.000138  0.744
The equation of the multiple linear model was as follows: Y = b + a1 × Age + a2 × Gender + a3 × (Age × Gender) + a4 × (Protocol).
b,  intercept; a1, coefﬁcient of age (year); a2, coefﬁcient of gender (if male, gender = 0, if female, gender = 1); a3, coefﬁcient of interaction for age × gender (if male, gender = 0, if
female,  gender = 1); a4, coefﬁcient of protocol (if 20 W/min, protocol = 0, if 10 W/min, protocol = 1). Data from the 30 W/min  protocol were excluded from the analysis because
the  number of observations was small. HR, heart rate; SBP, systolic blood pressure; WR,  work rate; wt,  weight; R, gas exchange ratio; V˙O2 , oxygen uptake; AT, anaerobic
threshold; RC, respiratory compensation point.
Table 4
Results of multiple linear regression for the exercise parameters in treadmill ergometer testing.
Estimate  p-value  Estimate  p-value  Estimate  p-value  Estimate  p-value  Estimate  p-value
HR  (bpm)  Rest  Warming-up  AT  RC  Peak
Intercept  85.6  85.2  129.2  182.3  202.8
Age  −0.125  0.002  −0.0485  0.152  −0.269  <0.001  −0.594  <0.001  −0.763  <0.001
Gender  (Female)  0.272  0.953  4.35  0.410  1.37  0.645  4.48  0.487  −11.10  0.041
Gender  ×  Age  −0.0480  0.610  −0.0571  0.595  −0.0112  0.854  −0.0165  0.905  0.209  0.060
SBP  (mmHg)  Rest  Warming-up  AT  RC  Peak
Intercept  111.7  120.2  132.7  176.8  188.9
Age  0.364  <0.001  0.409  <0.001  0.512  <0.001  0.130  0.069  0.254  <0.001
Gender  (Female)  −16.3  0.034  −20.4  0.015  −28.9  0.008  −29.6  0.049  −56.3  <0.001
Gender  ×  Age  0.183  0.235  0.250  0.139  0.326  0.135  0.332  0.304  0.584  0.035
Time  (s)  AT  RC  Peak
Intercept  297.7  542.6  710.9
Age  −2.09  <0.001  −2.67  <0.001  −4.97  <0.001
Gender  (Female)  −40.3  0.111  61.9  0.210  −30.7  0.537
Gender  ×  Age  0.102  0.840  −1.85  0.075  −0.390  0.695
Protocol  (TR-2) 146.5 <0.001 229.9  <0.001  240.4  <0.001
Protocol  (TR-3)  51.7  74.4  88.0
R  Rest  Warming-up  AT  RC  Peak
Intercept  0.82  0.85  0.87  1.07  1.21
Age  0.00121  0.030  0.0000609  0.425  0.000340  0.410  −0.0000435  0.488  −0.000955  0.006
Gender  (Female)  0.0506  0.068  0.00614  0.816  −0.0183  0.457  0.0222  0.480  0.00316  0.931
Gender  ×  Age  −0.00119  0.036  −0.000551  0.306  −0.000268  0.592  −0.000381  0.572  −0.000180  0.810
V˙O2 /wt  (ml/min/kg)  Rest  Warming-up  AT  RC  Peak
Intercept  5.07  6.84  29.82  50.72  61.07
Age  −0.0182  <0.001  0.0167  0.022  −0.172  <0.001  −0.378  <0.001  −0.510  <0.001
Gender  (Female)  −0.775  0.002  0.226  0.715  −7.61  <0.001  −12.6  <0.001  −20.4  <0.001
Gender  ×  Age  0.0113  0.024  −0.00439  0.728  0.102  0.001  0.187  0.001  0.301  <0.001
AT/Peak
Intercept  0.440
Age  0.00341  <0.001
Gender  (Female)  0.0843  0.007
Gender  ×  Age  −0.00137  0.033
The equation of the multiple linear regression model was  as follows: Y = b + a1 × Age + a2 × Gender + a3 × (Age × Gender) + a4 × (Protocol)
b,  intercept; a1, coefﬁcient of age (year); a2, coefﬁcient of gender (if male, gender = 0, if female, gender = 1); a3, coefﬁcient of interaction for age ×gender (if male, gender = 0,
if  female, gender = 1); a4, coefﬁcient of protocol (if TR-4, protocol = 0, if TR-2 or TR-3, protocol = 1); HR, heart rate; SBP, systolic blood pressure; WR,  work rate; wt, weight; R,
gas  exchange ratio; V˙O2 , oxygen uptake; AT, anaerobic threshold; RC, respiratory compensation point.
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WR  divided by body weight at AT (WR/wtAT) and at peak exer-
ise (WR/wtpeak) were higher in the protocol that had a steeper
amp slope. A negative linear correlation was found between
R/wtAT and age. A strong negative linear correlation was  found
etween WR/wtpeak and age, again. WR/wtpeak increased with
ncreased ramp slope for all ages, both in males and females. This
as higher in males than in females for the same protocol (Table 3).
R, SBP, and exercise time in treadmill ergometer testing
HRrest while standing on the treadmill ergometer was
2.4 ± 16.3 bpm (n = 18) in males and 80.0 ± 8.5 bpm (n = 19)
n females in their 20s. This decreased with age. HRAT was
19.2 ± 14.5 bpm (n = 18) in males and 123.4 ± 14.9 bpm (n = 19) in
emales in their 20s. HRpeak was 179.6 ± 9.3 bpm (n = 18) in males
nd 176.4 ± 12.9 bpm (n = 17) in females in their 20s. This decreased
ith age but there was no difference between males and females
Table 4).
SBPrest was 124.6 ± 12.6 mmHg  (n = 18) in males and
09.9 ± 10.3 mmHg  (n = 14) in females in their 20 s. SBPAT was
49.8 ± 21.2 mmHg  (n = 17) in males and 125.2 ± 16.4 mmHg
n = 14) in females in their 20s. SBPpeak was 206.8 ± 34.4 mmHg
n = 16) in males and 157.2 ± 24.0 mmHg  (n = 13) in females in
heir 20s. These increased with age (Table 4). SBP during treadmill
xercise testing was higher in males than in females both at rest
nd during exercise. The mean HR and SBP estimated through
ultiple regression (Table 4) for each age group are presented in
ig. 2.
In the TR-3 protocol, the peak exercise time from the start of
amping was 646.3 ± 39.0 seconds (n = 7) and 622.3 ± 152.9 seconds
n = 14) in males and females in their 20s. AT time was
02.1 ± 43.2 seconds (n = 7) in males and 263.8 ± 73.1 seconds
n = 14) in TR-3 in females in their 20s. A negative linear corre-
ation was found between AT time and age both in males and
emales.
xpired gas parameters
ycle ergometer
The gas exchange ratio at rest (Rrest) was 0.84 ± 0.06 (n = 71) in
ales and 0.85 ± 0.06 (n = 65) in females in their 20s. This increased
ith age. The RAT was not affected by age and gender; 0.93 ± 0.05
n = 285) in the total number of male and 0.93 ± 0.06 (n = 259) in the
otal number of female subjects. The Rpeak was 1.18 ± 0.10 (n = 65) in
ales and 1.20 ± 0.10 (n = 64) in females in their 20s. In contrast to
rest, Rpeak decreased with age. There was little difference between
ales and females in R at any point during exercise (Table 3).
The V˙O2 divided by body weight at rest (V˙O2/wtrest) while
n the cycle ergometer was 3.99 ± 0.61 ml/min/kg (n = 282) in
ales and 3.96 ± 0.56 ml/min/kg (n = 260) in females. V˙O2/wtrest
howed a slight but signiﬁcant decrease along with age both in
ales and females. AT was 19.14 ± 3.60 ml/min/kg in males and
7.46 ± 2.64 ml/min/kg in females in their 20s. As expected, AT
as higher in males than in females and a strong negative linear
orrelation was found between AT and age (Table 3, Fig. 3 [upper
anel]). Peak V˙O2/wt was 36.05 ± 5.23 ml/min/kg (n = 65) in males
nd 30.04 ± 4.22 ml/min/kg (n = 64) in females in their 20s. As
ith AT, a strong negative linear correlation was found between
eak V˙O2/wt and age (Table 3, Fig. 3 [lower panel]). The decline
n peak V˙O2/wt averaged 0.64% in males and 0.55% in females for
ach year.readmill ergometer
The Rrest was 0.87 ± 0.06 (n = 18) in males and 0.86 ± 0.06 (n = 19)
n females in their 20s. The Rpeak was 1.14 ± 0.07 (n = 18) in malesology 61 (2013) 71–78
and 1.17 ± 0.07 (n = 17) in females in their 20s. There was no appar-
ent relation to age in Rrest and RAT, while Rpeak decreased mildly
with age. The RAT of the total number of subjects was 0.88 ± 0.05
(n = 102) in males and 0.85 ± 0.06 (n = 102) in females. There was
no statistical difference between males and females in R at any
point.
V˙O2/wtrest while standing on the treadmill ergometer was
4.97 ± 0.65 ml/min/kg (n = 18) and 4.12 ± 0.54 ml/min/kg (n = 19) in
males and females in their 20s in all of the protocols. V˙O2/wtrest
showed a mild decrease with age in both genders. AT was
28.10 ± 3.65 ml/min/kg (n = 18) in males and 20.41 ± 3.36 (n = 19)
ml/min/kg in females in their 20s. This decreased with age (Table 4,
Fig. 3 [upper panel]). Peak V˙O2/wt was 52.68 ± 6.52 ml/min/kg
(n = 18) and 35.33 ± 4.86 ml/min/kg (n = 17) in males and females
in their 20s, and decreased with age (Table 4, Fig. 3 [lower panel]).
The decline in peak V˙O2/wt averaged 0.83% in males and 0.51% in
females each year.
Discussion
Exercise capacity is usually expressed as V˙O2 , since V˙O2 is a
function of oxygen delivery (cardiac output, hemoglobin, etc.)
and oxygen utilization (muscle volume and function, etc.), and
is inﬂuenced by ventilation, cardiac function, vascular function,
and muscle function; in other words, respiration, circulation, and
metabolism. Therefore, exercise capacity is a most reliable and
powerful prognostic index not only for cardiac patients [10,11], but
also for the general population [12]. Besides peak V˙O2 , AT is also a
strong prognostic marker for heart disease patients [13].
The appropriate knowledge of normal responses in HR, blood
pressure, and V˙O2 during the ramp protocols that are widely used
in cardiopulmonary exercise testing is necessary to understand the
results of an exercise test. However, these have not been avail-
able, particularly for the Japanese population. Moreover, no data
of HR and blood pressure in a ramp protocol have been available
for cycle ergometer or treadmill ergometer testing since the proto-
cols employed in the majority of the previous reports investigating
this topic were Bruce’s multistage protocol or another stepwise
incremental protocol.
Heart rate and blood pressure response
It has been stated that no consistent differences in HR and SBP
have been found between men  and women during the types of
exercise employed (i.e. cycling, stepping, inclined treadmill, walk-
ing, or running [14]). In this study, there was  no statistical difference
in HR at rest and during exercise between males and females during
both cycle ergometer and treadmill testing; however, HR during
exercise was  lower during cycle ergometer testing compared to
that measured during treadmill ergometer testing. The two  most
common formulas for predicting HR peak in adults are as follows:
220 − age (years) [15,16] and 208 − 0.7 times age (years) [17]. Com-
pared with these data, our data from this study showed a lower HR
peak, especially in the younger generation.
Blood pressure demonstrated a linear increase with advancing
age in testing on both of the ergometers and in both genders. These
ﬁndings were consistent with the previous report of Daida et al.
[18], even though they did not show the regression formula of blood
pressure to age.
Normalization of WR  and V˙O2 by weightExercise capacity parameters in normal subjects during exercise
vary with age, gender, body size, muscle volume, level of ordi-
nary activity, and type of exercise. Obviously, it is well recognized
that both AT and peak V˙O2 , major parameters representing exercise
H. Itoh et al. / Journal of Cardiology 61 (2013) 71–78 77
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In treadmill ergometer exercise testing, it has been generally
considered that a tall person has an advantage in the parameter of
exercise capacity. Each body size variable (weight, height, BMI, BSA)
strongly correlates mutually, and the contribution of body size on
WR and V˙O2 was considered to explain by body weight almost all.
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elationship between AT and peak V˙O2
In males in their 20s, the ratio of AT to peak V˙O2 was
.534 ± 0.075 (n = 65) in the cycle ergometer test and 0.535 ± 0.042
n = 18) in the treadmill test. These were 0.584 ± 0.078 (n = 64) and
.578 ± 0.087 (n = 17), respectively, in females in their 20s. There
as no apparent difference in the ratios between cycle ergometer
esting and treadmill ergometer testing. Since peak V˙O2 declines
ore than AT with age, and there is less gender difference in AT
han in peak V˙O2 , the ratio of AT to peak V˙O2 increased with age and
howed a tendency toward being higher in females than in males
Table 3). These observations were consistent with those of other
eports [19].
onclusions
This is the ﬁrst report to show HR and blood pressure response
uring ramp exercise testing. We  also report the normal values for
ajor exercise capacity parameters in a large, healthy, Japanese
opulation. These data could be an important reference in evaluat-
ng exercise capacity in clinical cardiology.
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